S1 Introduction
The information presented here is intended to extend and provide more detailed information on the projections of waste and wastewater (COD and BOD content) generation, underlying assumptions, and data sources used.
S2 Methods
Key assumptions for calculations of waste carbon content and potentials for biogas and energy-recovery are presented in Table  5 S1. 
S2.1 Wastewater and solid waste projections up to 2050
Industrial solid waste: Table S2 presents industrial waste generation by income group classification (see Table S5 ) and type of manufacturing industry type. Municipal solid waste -Description of data and variables used to estimate waste generation elasticities: The dataset for EU28 countries and some OECD countries covers between 17 and 19 years. For the rest of the countries, the dataset covers between 4 and 10 years. In total, the unbalanced panel data set comprises 684 observations. Data on municipal solid waste generation in kilogram per capita are obtained from different sources (see Table S3 ). In order to control for the influence of population 10 growth, waste generation per capita is chosen instead of total waste generation as dependent variable in elasticity estimations (Lebersorger and Beigl, 2011) . All variables are specified in logarithmic form in order to provide parameter estimates that can be directly interpreted as elasticity values. 
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In terms of explanatory variables (see Table S4 ), generation of waste has primarily been linked to economic growth and increases in population and urbanization (Johnstone and Labonne, 2004; Mazzanti and Nicolli, 2011; Zoboli, 2008, 2009 ). Income is a major driver of municipal waste generation (Mazzanti and Zoboli, 2008) . Gross domestic product 5 has been widely used as the economic parameter to project waste generation (Daskalopoulos et al., 1998 (Fig. S1 ). The definition of the different income groups was carried out based on the distribution of the scatterplot. Table S5 shows (IEA, 2017 . Hence, the group distribution of the municipal solid waste generation is dynamic over time. Table S5 . Country by income group in base year 2010
The panel data analysis is performed to determine the elasticity of the different variables on the generation of municipal solid 5 waste per capita. Pooled OLS, fixed effects and random effects estimator models are run to test the effects of the explanatory variables on municipal waste generation per capita. In the pooled models a single slope is calculated for all countries and the between (cross-sectional) and within (time) variances are bluntly added up. When the cross-sectional variance is eliminated and the slopes are based on time variance only, the model is denoted a within estimator whereas in between models the time variance is eliminated and only cross-sectional variance is considered in the elasticity parameter. In fixed effect models, the 10 within estimator is describing the slope while the country-specific effects are captured as country-specific constants. Finally,
Income group
Country/region High random effect model treats the individual effects as random variables and the variance is a weighted average of within and between variance (Hsiao, 1986 27.44***
Rejected
The results of the elasticity estimations of municipal solid waste generation to GDP per capita and urbanization rate and the functions for waste generation projections are presented in Table S7 . The LM test favoured in all cases the random effect over the OLS model, meaning that there is evidence of significant differences across countries. F test for individual effects favoured 15 always the fixed effect model over the OLS, which means that the fixed effect are non-zero and finally, the Hausman test rejected the random effect model, which assume that the slope coefficients of the two models do not differ and it favoured the fixed effect model. Furthermore, due to the fact that waste composition influences energy generation, projections of waste compositions are relevant. In particular, low income countries tend to have a considerably higher fraction of food waste in the total municipal waste generated than high income countries. Therefore, changes in the future composition of waste are 20 projected based on an estimated elasticity of food waste generation to GDP per capita. Due to limited access to historical data on food waste generation, the elasticity is estimated from a sample of 156 observations of in an unbalanced panel. A fixed effects model was favoured on the basis of Hausman test as the better explanatory model with a resulting elasticity of food waste generation to GDP per capita of 0.42 (Table S7 ). Although, there are more availability of data for developed countries, it was possible to find a limited set of about ten developing countries for which enough information was available to include in the estimation of elasticities of municipal solid waste generation to GPD per capita and urbanization rates. However, due to a general lack of data from developing countries on food waste generation, the elasticity estimates for food waste generation are based on data from Eurostat (2016) and cover 10 mainly developed countries. In addition, only GDP per capita and changes in the urbanization rate are used as explanatory variables. In reality, many more factors are likely to influence the generation of municipal waste, in particular household- specific factors e.g., household size, type of dwellings, rural or urban, income distribution, etc. It would have been desirable to conduct the elasticity estimations at a more disaggregated level, representing the diverse circumstances within a country, however, this was not possible due to limitations in data availability. Table S8 presents municipal waste generation rates and composition for the year 2010 (base year for projections). Since yearly information on waste composition is limited (especially for developing countries), the most recent available data is used. 5
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References apply to the waste management data as well. s (municipal/industrial) going to a specific treatment m ; W s,j is the amount of waste type j generated in sector s (municipal/industrial); DMC s,j is the Dry Matter Content (DMC) in % of wet waste j generated in sector s (municipal/industrial); DOCd s,j is the DOC in % of dry waste j generated in sector s (municipal/industrial); FCC s,j is the fraction of Fossil Carbon in % of Total Carbon in waste j generated in sector s (municipal/industrial) and Appl m,s,j is the 15 application of the waste treatment option m to waste type j generated in sector s (municipal/industrial). Where: BCD is biogas from co-digestion; TS is total substrate; Y cd is the biogas yield of co-digestion when 80% manure -25 20% organic waste ; MaxM is the maximum manure available for co-digestion; BSS is the biogas single substrate; S is the substrate and ; Y o,m is the biogas yield when digestion only organic waste or only manure.
Landfill: Landfill gas generation is accounted for with a lag of 10 years for fast degrading organic waste and 20 years for slow degrading waste. Landfill gas generation is calculated using Eq. Where:
LG is landfill gas; DOC s;j is the amount of Degradable Organic Carbon (DOC) in dry waste type j in sector s (municipal/industrial) going to landfills with gas recovery; 0.77 is the maximum carbon conversion; F is the fraction of CH4 -CO2 in generated landfill gas (0.50); 16 12 ⁄ is the molecular weight ratio CH4/C; 44 12 ⁄ is the molecular weight ratio CO2/C; 0.60 is the gas collection efficiency rate and 1.132 kg m -3 is the biogas density.
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Incineration: Energy from incineration is calculated using the Low Heating Value (LHV) of each of the waste fractions. LHV represents the usable heat released from waste and varies according to waste type (Demirbas, 2004) . Energy from incineration is calculated using Eq. (S6).
Where: EI is energy gained from incineration; W s,j is the amount of waste type j generated in sector s (municipal/industrial) going to incineration with energy recovery (municipal/industrial) and LHV j is the low heating value of waste typej. 
S2.2.2 Wastewater
In order to quantify the organic content in industrial and municipal wastewater and its respective flows, the following approach is used (calculations are carried out by country/region and year): Where: COD is Chemical Oxygen Demand (organic degradable material) in industrial wastewater; WW i is the amount of wastewater generated per tonne of product in industrial sector i; P i is amount of production product in sector i; COD i is total organic degradable material content in the wastewater measured as COD in industrial sectors i, BOD is Biochemical Oxygen Where: BWWI is biogas generation from industrial/BWWD domestic wastewater treatment; COD is Chemical Oxygen Demand , BOD is Biochemical Oxygen Demand in domestic wastewater; Appl at is the application in % of the anaerobic 10 wastewater treatment to industrial/domestic sector i; Reff pt is the COD/BOD removal efficiency primary treatment (before anaerobic treatment a primary removal of floating and settleable material is needed (Cakir and Stenstrom, 2005) ); Reff at is the COD/BOD removal efficiency anaerobic treatment; F COD is the maximum CH4 production capacity per Kg COD; F BOD is the maximum CH4 production capacity per Kg BOD, TCF is temperature correction factor (just for domestic wastewater) (see Höglund-Isaksson et al., 2015. Section 3.4 .2) f is the rate of CH4 solubility (depends on wastewater temperature (Liu et 15 al., 2014) and Y = 0.35 m 3 is the biogas yield per Kg COD removed, 0.84 m 3 is the biogas yield per Kg BOD removed.
One of the challenges of wastewater treatment is the removal of nitrogen and phosphorus to avoid eutrophication of the water bodies. For that purpose, around 35% of the COD in wastewater is needed for biological nitrogen removal (Hu et al., 2011) and hence unavailable for biogas generation. Therefore, an additional estimation of biogas generation representing the balance between COD and nitrogen removal is also carried out. To compensate for the 35% of COD needed for the removal of nitrogen, 20 estimations of biogas generation assuming that the primary sludge is anaerobically digested and partially converted into biogas is also performed for the MFR scenarios. This process is represented in Eq (S10) where (1 − Reff pt ) representing the removal efficiency (35%) of primary treatment is removed and a factor representing the 35% COD demanded for nitrogen removal is added (1 − COD N ). However, this process does not add benefits in terms of biogas generation since the effect of adding the COD of primary sludge is cancelled by the COD demanded for nitrogen removal. 25 Table S10 . Wastewater treatment technologies 5
S2.3 Waste and wastewater management scenarios
Description of the measures adopted in the different scenarios are presented below. Each scenario builds on the one before:  CLE 'current legislation': The scenario assumes efficient implementation of the existing waste/wastewater legislation. In countries/regions where no waste legislation exists -CLE-represents the current waste management situation. 10  MFR 'maximum technically feasible phase-in of waste and wastewater management': A scenario that assumes the implementation of the 'best available technology' to improve waste and wastewater management systems without regarding costs but considering constrains that could limit the applicability of certain technologies and assumes a phase-out of waste  MFR + PCY + REC 'maximum technically feasible phase-in of waste and wastewater management' + 'policy 5 implementation' + 'maximum recycling capacity': This scenario adopts the MFR + PCY + reaches the maximum possible recycling capacity for all waste streams (including plastic). For wastewater, the scenario includes a capacity to increase the collection (reaching 100%) and treatment of wastewater in urban areas.
 MFR + PCY + REC + IMP 'maximum technically feasible phase-in of waste/wastewater management' + 'policy implementation' + 'maximum recycling capacity' + 'technology efficiency improvement': This scenario adopts the MFR 10 + PCY+ REC + technological development to increase biogas yield formation and to reduce losses during the treatment processes for both solid waste and wastewater. Improvements include e.g. adding accelerants (biological or chemical) to improve the metabolic conditions for microorganism growth and therefore biogas formation (Mao et al., 2015) , recovery of the dissolved methane in wastewater, improvement of the biogas recovery rates. For incineration, improvements include an increase of the Low Heating Value (LHV), increase in the efficiency of input/air flow and reduction of energy losses 15 during the process.
S2.4 Limitations and uncertainty of the waste and wastewater management scenarios
In this study, anaerobic digestion of waste and anaerobic wastewater treatment are analysed independent of the type of anaerobic reactor e.g. Anaerobic Sludge Blanket (UASB), CSTR and Anaerobic filter (AF-Fixed film) (Barber and Stuckey, 1999) . Different reactors involve different flow modes, retention times and organic load rates, which are all factors that affect 20 the efficiency of biogas formation (Mao et al., 2015) . Furthermore, default IPCC values for biogas rate formation under average normal operating conditions are used to estimate biogas generation. However, it is well known that the microbial community is extremely sensitive and if not properly managed the process would be affected resulting in reduced biogas production (Munk Bernhard et al., 2010) .
Regarding incineration and waste heating values a similar situation to the anaerobic treatment is present; incineration is treated 25 as a general technology independent of the type of incinerator. In addition, although a specific Low Heating Value (LHV) is used for each waste fraction, the variability between regions/countries was not taken into account due to a lack of regional data. In general, the scenarios presented do not take into account the losses of substrates during transport and handling, which may result in a lower substrate input actually going into the treatment facilities.
Given the global scope and the wide range of different types of input data going into estimations, it is unavoidable that a certain 30 degree of uncertainty is present in the results. E.g., for developing countries, a lack of country-specific data on quantities of waste and wastewater, implemented treatment modes, and current energy/biogas recovery rates, has been bridged by using default assumptions adapted from neighbouring countries or regions. 
